The aim of this study was to evaluate the antibacterial activity of essential oil from Chamaecyparis obtusa against general infectious microbes and drug resistant strains of clinical origin. The results indicate that both essential oil and non-volatile residue have broad inhibitory activity against test strains. Essential oil and non-volatile residues showed antimicrobial activity not only against general infectious bacteria, but also against methicillin-resistant Staphylococcus aureus (MRSA) and vancomycin-resistant enterococci (VRE) strains.
Chamaecyparis obtusa Siebold & Zucc belongs to the Cupressaceae family and has been cultivated in South Korea since the 1960s. However, evidence for its biological functions is lacking. In a previous report, several compounds were identified from the leaves of C. obtusa and their anti-microbial, anti-inflammatory, and hair growth properties were evaluated [1a-1c] . Lee et al. reported that sub-fractions from C. obtusa oil contain ethanone, β-citronellol, p-cymene, and other compounds. Koyama et al. reported that essential oil derived from C. obtusa showed an antibiotic effect against Escherichia coli, Mycobacterium chelonei, Pseudomonas aeruginosa and Candida albicans [1a] . They postulated that a mechanism of essential oils may be related to a molecular orbital theory on the basis of electron orbits and to a thermodynamic interaction with prokaryotic cell membranes.
Recently, because of overuse of antibiotics, the number of drugresistant strains of bacteria has increased. In particular, Staphylococcus aureus and Enterococci rapidly became resistant to many of the first effective antibiotics. Many efforts have been made to find new antimicrobial substances from various sources such as microorganisms, plants, and animals. Because antimicrobial compounds from plants have enormous therapeutic potential and are not associated with many side effects, much attention has been paid to herbal extracts and antimicrobial compounds purified from plant species used in herbal medicine [1d, 2] .
In this study, we prepared essential oil and the non-volatile residues of essential oil from C. obtusa leaves, identified the constituents by GC/MS, and illustrated their antimicrobial effects to explore the possibility of an environmentally friendly disinfectant. The chemical components of the essential oil are listed in Table 1 in order of retention time. Essential oil possessed volatile and nonvolatile residues. After concentration of the essential oil, volatile components seen in the range from 6.12 to 21.16 min were removed. 694 Natural Product Communications Vol. 11 (5) 2016 Bae et al. Until now, no study has addressed the antimicrobial activity of essential oils and non-volatile residues derived from them against drug-resistant strains of bacteria. As shown in In conclusion, this is the first study on the essential oil and nonvolatile residues derived from C. obtusa leaves. Both have significant antimicrobial activity. Thus, we suggest that both essential oil and non-volatile residues may be eco-friendly disinfectants for the prevention of skin disorders caused by infectious bacteria.
Experimental
Plant material: C. obtusa was collected in May, 2015 near Jang heung gun, Jeonnam province, South Korea. A specimen (MNUCSS-CO-01) was deposited in the College of Pharmacy, Mokpo National University. The leaves were separated for use in this study. Air-dried, powdered leaves (1,000 g) were extracted using steam distillation. The yield of essential oil was 3% (30mL).To separate the non-volatile components, essential oil was concentrated in vacuo. The yield of the non-volatile part was 0.3% (3mL)
Gas chromatography/mass spectrometry (GC-MS) analysis:
The analytical methods for analysis based on gas chromatography mass spectrometry (GC-MS) have been previously reported[3e].
Microorganisms and antimicrobial activity:
Test strains were provided by Prof. Jin-Cheol Yoo, Chosun University, Korea. In vitro antimicrobial activities (MIC, minimum inhibitory concentration, μg/mL and/or %,v/v) were determined by a serial dilution method. Vancomycin was used as a reference standard [4] .
